Our aim was to establish a "nomogram" model to forecast the overall survival (OS) and cancer-specific survival (CSS) of oral squamous cell carcinoma (OSCC) patients. The clinicopathological data for the 10,533 OSCC patients were collected from the Surveillance, Epidemiology and End Results (SEER) database. We used a credible random split-sample method to divide 10,533 patients into two cohorts: 7046 patients in the modeling cohort and 3487 patients in the external validation cohort (split-ratio = 2:1). The median follow-up period was 32 months (1-119 months). We developed nomograms to predict 5-and 8-year OS and CSS of OSCC patients with a Cox proportional hazards model. The precision of the nomograms was assessed by the concordance index (C-index) and calibration curves through internal and external validation. The C-indexes of internal validation regarding 5-and 8-year OS and CSS were 0.762 and 0.783, respectively. In addition, the external validation's C-indexes were 0.772 and 0.800. Based on a large-sample analysis targeting the SEER database, we established two nomograms to predict long-term OS and CSS for OSCC patients successfully, which can assist surgeons in developing a more effective therapeutic regimen and conducting personalized prognostic evaluations.
Introduction
Oral squamous cell carcinoma (OSCC) is ranked as the eighth most common malignant cancer worldwide according to the WHO global oral health programme [1] . The incidence of OPSCC ranges from 1/10,0000 to 10/10,0000 in the world, which will likely increase gradually in the coming years [2, 3] . It is worth noting that the mortality of OSCC patients in developing countries was higher than their counterparts in developed countries [2] . Moreover, in the GLOBOCAN 2008 report, 128000 deaths were caused by OSCC worldwide in 2008 [4] . Therefore, it is imperative to develop an accurate model to evaluate OSCC patient prognosis.
Currently, the National Comprehensive Cancer Network (NCCN) clinical practice guidelines recommended assessing a prognosis via the American Joint Committee on Cancer (AJCC) Staging Manual (7th edition) [5, 6] . However, the outcome of OSCC patients is influenced by many other factors such as age, sex, race, tumor site, radiation, and surgery [2, [7] [8] [9] . Hence, consideration of other relevant clinicopathological factors could provide a more credible prediction result than the AJCC staging manual. Therefore, we sought to construct a "nomogram" to identify other elements including age, sex, tumor site, pathological grade, surgery or not, radiation or not and TNM classifications. The nomograms were established with a popular random split-sample method [10] [11] [12] . Moreover, researchers obtained a favorable model via a split-ratio of 1:1 and 1:2 [13] . Nomograms were validated internally and externally through the concordance index (C-index) and calibration plot [12] .
A nomogram's construction was based on the independent prognostic factors via Kaplan-Meier and multivariate Cox proportional hazards model. Currently, a nomogram has been widely used to assist surgeons in developing treatment plans and evaluating the prognosis of cancers such as hepatocellular carcinoma [14] , gastric cancer [15] , nasopharyngeal cancer [16] and breast cancer [17] . Most importantly, the early detection of prostate cancers via nomogram had been written into the NCCN clinical guidelines [18] . Hence, we sought to establish two nomograms to assess the 5-and 8-year OS and CSS based on the SEER database to provide a reference to surgeons.
Materials and Methods

Patients' general information
We collected the clinicopathological data of all 10,533 OSCC patients from the years 2004 to 2012 from the SEER program of the National Cancer Institute [19] . The detailed information included age, sex, race, ethnic origin, tumor site, grade, surgery, radiation, T stage, N stage and M stage (Table 1 ). The minimum age was 15 years old. The racial composition consisted of white, black and others (American Indian/AK Native, Asian/Pacific Islander). Tumor sites comprised hard palate, cheek, mouth floor and tongue (excluded tongue base).
Survival analysis
We also obtained the survival data by searching with the SAS name "srv_time_mon", "STAT_REC", "VSRTSADX". The SAS names "STAT_REC", "VSRTSADX" represented the overall survival (OS) and cancer-specific survival (CSS) of patients, respectively. We excluded the patients whose information was collected from autopsy and death certificates. We conducted OS and CSS analyses using the Kaplan-Meier and Cox Proportional hazards models, which is consistent with a research study published in JAMA Oncol [20] . All statistical analyses were performed applying a two-sided P value and P < 0.05 was considered statistically significant.
Nomogram development
We acquired the independent prognostic factors with regard to OS and CSS of OSCC patients by virtue of SPSS 21.0 software for Windows. We conducted the nomograms via the "cmprsk package" of R software version 3.2.4.
Nomogram validation
The nomogram's accuracy was required to be validated by 1000 times bootstrapping and 10-fold cross-validation measures internally and externally. The fitting degree was evaluated by concordance indexes (C-index) and calibration plots [12] . The C-index and calibration were obtained by the "rcorrcens" and "calibrate" commands in R software. In addition, the calibration plot consisted of two lines: one was a 45-degree reference line, and the other line represented the actual line. The interval between the two lines reflected the accuracy of the nomograms.
Results
Patient clinicopathological data
After strict filtering based on the SEER database, 7046 and 3487 OSCC patients were included in the modeling and validation cohorts, respectively, via the popular random split-sample method (the split ratio was 2:1). The patients' ages ranged from 15 to 96 years (median, 55) in the modeling cohort. Of these, 7046 OSCC patients, 4224(59.9%) were male. A total of 5776 (82.0%) patients were white, and 6444 (91.5%) patients were 
Survival analysis and nomogram construction
In terms of the SAS variable "sur_time_mon" in the SEER database, we found that the median follow-up periods of the modeling and validation cohorts were 31 months (1-119 months) and 33 months (1-119 months). According to the SAS variables "STAT_ REC" and "VSRTSADX" in SEER database, we acquired credible data on the overall survival (OS) and independent prognostic factors, which showed statistical significance (P < 0.05). Then, we established a nomogram to take all these elements into account, as shown in Figure 1 . Meanwhile, we carried out an analysis focusing on cancer-specific survival using SPSS software. The results of univariate and multivariate survival analyses indicated The nomograms were validated by bootstrap resampling and tenfold cross-validation methods. The Harrell concordance index (C-index) and calibration curves were used to evaluate the accuracy of the nomograms internally and externally. The predicted OS and CSS conformed to the actual OS and CSS if the value of C-index was greater than 0.7. Our results of internal validation indicated that the C-index values of OS and CSS were 0.762 and 0.783, respectively. External validation showed that the C-index value of OS and CSS increased slightly to 0.773 and 0.800. Additionally, the internal and external calibration curves approached the 45-degree ideal straight line (Figs. 3 and 4) .
Nomograms Predicting OS and CSS of OSCC Patients F. Wang et al. that age, site, race, pathological grade, surgery and TNM classifications were the independent risk elements influencing the prognosis. Furthermore, we constructed another nomogram predicting the 5-and 8-year CSS (Fig. 2) .
Discussion
OSCC was ranked as the eighth most prevalent cancer in the world [21] . Due to the higher incidence and mortality of OSCC according to the statistics of the World Health Organization, oral cancers became the burden of public health [2] . Most importantly, the WHO Global Oral Health Programme constructed a global surveillance system to evaluate the risk factors of OSCC [2] . Generally, surgery and radiation were the main measures to address OSCC [5, 22] . However, in this large-sample retrospective research, we found that 1420 (13.5%) and 5774 (54.8%) cases did not receive surgery and radiation, respectively. Meanwhile, early detection of OSCC was still a serious problem [23] . Current studies indicated that more OSCC patients were diagnosed with an advanced stage, influencing the survival of OSCC patients seriously [24] . Thus, it is imperative to establish an accurate prediction model to guide surgeons to conduct OSCC's early detection and prognostic evaluation individually. Additionally, the 8th AJCC staging system indicated that they would assess the prognosis by taking consideration the nomogram in the future version [25] . Hence, establishing a credible nomogram prediction model remained a top priority. 
F. Wang et al. Nomograms Predicting OS and CSS of OSCC Patients
We calculated the estimated overall survival (OS) and cancer-specific survival (CSS) via Kaplan-Meier method, which was consistent with the research published in JAMA Oncol [20] . In the survival analysis of OS, we found that the OS of females was higher than males ( Fig. 1 and Table 2 ). Meanwhile, the female's CSS was superior to male, although it did not show statistical significance (Table 3 ). The results above were consistent with retrospective research in the United Kingdom [26] . We hypothesized that males were susceptible to indulge in smoking and drinking alcohol, which was closely linked to OSCC [27] . In terms of age, we found that the OS and CSS descended beyond the year of 55. Those aged "15-35" and "36-45" had an improved OS and CSS, respectively. Current results have shown that the majority of OSCC patients were diagnosed after the age of 50 [9] . Our results indicated that the OS and CSS of black OSCC patients were lower than that of other races, which was consistent with the research [28] . One research study hypothesized that melanin might contribute to the development of OSCC [29] . The OSCC patients had an improved OS and CSS after surgery and radiation therapy ( Figs. 1 and 2 ; Tables 2  and 3) We validated the accuracy of nomograms internally (modeling cohort) and externally (validation cohort) by virtue of C-index and calibration curves. We split the total 10533 specimens with a random split-sample method and the split-ratio was 2:1, which was in accordance with the research [10] . The C-indexes of internal validation regarding 5-and 8-year OS and CSS were 0.762 and 0.783, respectively. In addition, the external validation's C-indexes were 0.772 and 0.800. The values of the C-index were all greater than 0.7 and there was excellent coherence between the calibration curves and the 45-degree ideal lines (Figs. 3 and 4) .
The process of creating nomograms to forecast the 5-and 8-year OS and CSS was simple and feasible. First, we drew vertical lines from the clinicopathological factors to the axes of the points. After acquiring the total points, we plotted the vertical lines from the total points to the axes of 5-and 8-year OS and CSS to obtain the predicted values. Most importantly, using the nomogram to predict a prognosis was more accurate than using the AJCC staging manual. For example, two types of T3N0M0 OSCC patients: type 1, a 55-year-old black male patient with grade IV disease who received surgery and radiation; and type 2, a 60-year-old white female patient with grade II disease underwent surgery only. The prognoses of these two types of patients were identical if we used the AJCC staging manual [6] . However, the results were different via the nomogram. The 5-year predicted OS for the type 1 and type 2 patients were 57% and 68%, respectively. Moreover, the CSS of the type 1 and 2 patients was 64% and 81%, respectively. Hence, we constructed two accurate nomogram models to predict the prognoses of the OSCC patients.
Our research had strengths and certain limitations. We completed a large-sample retrospective study based on the SEER database and succeeded in establishing more accurate nomogram models. A lot of researches had shown that other relevant clinicopathological factors were influenced the survival of patients with oral cancers such as HPV [30] , nodal involvement [31] , thickness of the tumor [32] , P53 [33] , EGFR [34] , cigarette and alcohol consumption [35] , and chemotherapy [5] . However, the SEER database didn't include these elements above. For the same reason, we could not evaluate disease-free survival and loco-regional control. Hence, our nomogram could not assess these factors. We will conduct a prospective study to detect these indicators to remedy these limitations.
In conclusion, we conducted the survival analysis conscientiously and succeeded in establishing two accurate nomograms, which can provide surgeons with a reference to tailor clinical therapeutic regimens and provide a personalized prognosis.
